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Introduction {#sec001}
============

Studies of the dynamic interaction between tumor cells and the immune system have established a new era in cancer research and treatment. High levels of tumor-infiltrating lymphocytes (TILs) generally indicate a more robust anti-tumor immune response, and have been shown to be associated with favorable clinical outcomes in patients with breast cancer, especially in those with triple-negative breast cancer \[[@pone.0233037.ref001]--[@pone.0233037.ref003]\]. Among TIL subsets, cytotoxic CD8+ T cell infiltration is considered a key indicator of effective antitumor immunity, and high CD8+ TILs have been associated with favorable clinical outcome \[[@pone.0233037.ref004], [@pone.0233037.ref005]\]. CD4+ T cells also play critical roles in regulating many aspects of adaptive immunity, and various subsets of CD4+ T cells exhibit both pro-tumor and anti-tumor activities \[[@pone.0233037.ref006], [@pone.0233037.ref007]\]. Especially, FOXP3+ regulatory T cells, which are also known as CD4+CD25+ Tregs, have suppressive effects on the anti-tumor immunity, and have been associated with poor clinical outcome \[[@pone.0233037.ref008]--[@pone.0233037.ref010]\].

Primary systemic therapy (PST) is considered the standard treatment for locally advanced breast cancer, and its use has substantially increased \[[@pone.0233037.ref011]\]. TILs are of predictive and prognostic values in breast cancer patients treated with PST; the presence of high TILs in pretreatment biopsy samples is a significant predictor of the response to PST \[[@pone.0233037.ref012], [@pone.0233037.ref013]\] and the presence of high TILs in residual disease is an indicator of better prognosis, especially in triple-negative breast cancer (TNBC) patients \[[@pone.0233037.ref014]--[@pone.0233037.ref016]\]. As for TIL subsets, studies have shown that high CD8+ TIL infiltration is a good predictor of pathologic complete response (pCR) \[[@pone.0233037.ref013], [@pone.0233037.ref017]\]. Higher levels of CD4+ and FOXP3+ TILs have also been reported to predict pCR \[[@pone.0233037.ref017]--[@pone.0233037.ref019]\].

Comparing pre-treatment biopsies and post-PST resection samples allows for the assessment of sensitivity to chemotherapy and provides important information regarding the dynamics of TILs during therapy \[[@pone.0233037.ref020]\]. However, there have been conflicting results about TIL change in post-treatment breast cancers. A previous study reported a trend for higher TIL counts in post-PST breast cancer samples compared to pre-PST samples \[[@pone.0233037.ref015]\]. On the contrary, subsequent studies revealed decrease in TIL count in breast cancer after chemotherapy completion \[[@pone.0233037.ref021], [@pone.0233037.ref022]\]. As for TIL subsets, a limited number of studies have compared TIL subsets in breast cancer pre- and post-PST \[[@pone.0233037.ref019], [@pone.0233037.ref023]--[@pone.0233037.ref027]\], but conflicting data exist regarding the changes in each TIL subsets after PST. Moreover, PST-induced changes in TIL subsets in different histologic locations (intratumoral or stromal) have not been studied, although it has been recommended that intratumoral and stromal TILs be evaluated separately because the TIL densities in these two compartments may differ in tumors \[[@pone.0233037.ref028]\]. Furthermore, while the prognostic significance of TIL subset infiltration is becoming better understood in treatment-naïve breast cancer, it remains unclear in post-treatment breast cancer.

To that end, we performed this study to evaluate the changes in CD8+, CD4+, and FOXP3+ TILs in each compartment after PST, and investigated the association between TIL subset infiltration and survival in patients with breast cancer who were treated with anthracycline- or anthracycline plus taxane-based PST using pre- and post-PST specimens.

Materials and methods {#sec002}
=====================

Ethics statement {#sec003}
----------------

The study was approved by the institutional review board of Seoul National University Bundang Hospital (Protocol \# B-1601/332-304). The requirements for informed consent from participants were waived by the institutional review board. All the specimens used in this study were obtained from archival material in the Department of Pathology. The patients' medical records were accessed during the data collection, but all the data and tissue samples were fully anonymized before we analyzed them.

Study population {#sec004}
----------------

This study included 155 patients with clinical stage II or III breast cancer who received breast conserving surgery or mastectomy after anthracycline- or anthracycline plus taxane-based PST at Seoul National University Bundang Hospital between 2004 and 2012. Patients who achieved pathologic complete response after PST and those whose pre-PST biopsies were performed at outside hospitals and were not available for study were excluded from the study. All patients were diagnosed with invasive carcinoma via core needle biopsy. [Table 1](#pone.0233037.t001){ref-type="table"} lists the patients' clinicopathological characteristics. Of all the 155 patients, 91 (58.7%) and 64 (41.3%) had stage II and stage III disease, respectively. Seventy-three (47.1%) patients were treated with the 'AC' regimen (60 mg/m^2^ doxorubicin intravenously on day 1 and 600 mg/m^2^ cyclophosphamide intravenously once every three weeks for 4--6 cycles), 46 (30.5%) were treated with the 'AC-D' regimen (four cycles of AC followed by four cycles of 75 mg/m^2^ docetaxel), and the remaining 36 (23.2%) received the 'AD' regimen (50 mg/m^2^ doxorubicin intravenously on day 1 and 75 mg/m^2^ docetaxel intravenously once every three weeks for 3--6 cycles). Patients underwent definitive surgical resection 3--4 weeks after the final chemotherapy cycle. None of the patient received neoadjuvnat trastuzumab, and 30 (93.8%) of 32 patients with human epidermal growth factor receptor 2 (HER2)-positive breast cancer were treated by adjuvant trastuzuamb postoperatively. One hundred thirty-two patients (85.2%) received adjuvant radiotherapy and 118 (76.1%) received adjuvant endocrine therapy.

10.1371/journal.pone.0233037.t001

###### Baseline characteristics of patients in pre-primary systemic therapy status.

![](pone.0233037.t001){#pone.0233037.t001g}

  Characteristics             Number (%)
  --------------------------- -------------
  Age, years                  
      Median (range)          46 (30--72)
  Clinical stage              
      II                      91 (58.7)
      III                     64 (41.3)
  Clinical T stage            
      T1-T2                   97 (62.6)
      T3-T4                   58 (37.4)
  Clinical N stage            
      N0                      25 (16.1)
      N1-N3                   130 (83.9)
  Histologic subtype          
      IDC                     137 (88.4)
      ILC                     5 (3.2)
      Metaplastic carcinoma   4 (2.6)
      Mucinous carcinoma      4 (2.6)
      Others                  5 (3.2)
  Histologic grade            
      Low                     19 (12.3)
      Intermediate            90 (58.1)
      High                    46 (29.7)
  Estrogen receptor           
      Negative                36 (23.2)
      Positive                119 (76.8)
  Progesterone receptor       
      Negative                57 (36.8)
      Positive                98 (63.2)
  HER2 status                 
      Negative                123 (79.4)
      Positive                32 (20.6)
  Subtype                     
      Luminal A               56 (36.1)
      Luminal B               65 (41.9)
      HER2+                   11 (7.1)
      Triple-negative         23 (14.8)
  Ki-67 proliferation index   
      \<20%                   81 (52.3)
      ≥20%                    74 (47.7)
  P53 overexpression          
      Absent                  102 (65.8)
      Present                 53 (34.2)
  PST regimen                 
      AC                      73 (47.1)
      AC-D                    46 (29.7)
      AD                      36 (23.2)

IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; PST, primary systemic therapy; AC, doxorubicin plus cyclophosphamide; AC-D, AC followed by docetaxel; AD, doxorubicin plus docetaxel

A pair of formalin-fixed and paraffin-embedded samples comprising pre-PST biopsy and post-PST resection samples was acquired for each patient. Clinicopathologic data were retrieved from electronic medical records. Hematoxylin and eosin-stained sections and immunohistochemically stained slides for standard biomarkers of initial biopsy and post-PST resection samples were reviewed and the following parameters recorded: clinical T stage, clinical N stage, size of tumor, histologic subtype (by World Health Organization classification), histologic grade (using the Bloom and Richardson grading system), lymphovascular invasion, estrogen receptor (ER), progesterone receptor (PR) and HER2 status, Ki-67 proliferation index, p53 overexpression, chemotherapeutic regimen, numbers of PST cycles, and pathologic T and N stages after PST. The pathologic response to PST was evaluated using the residual cancer burden (RCB) system \[[@pone.0233037.ref029]\]. Of the 155 post-PST samples, 7 (4.5%) cases belonged to RCB class I, 68 (43.9%) to class II, 80 (51.6%) to class III. RCB classes I and II were regarded as chemo-sensitive, responder group, and RCB class III was regarded as chemo-resistant, non-responder group.

Immunohistochemical staining {#sec005}
----------------------------

Immunohistochemical staining was performed on pre-PST biopsy and post-PST resection samples using a BenchMark XT autostainer (Ventana Medical Systems, Tucson, AZ, USA) with an UltraView detection kit (Ventana Medical Systems). Commercially-available antibodies were used for immunohistochemical staining of TIL subsets: CD8 (clone C8/144B; ready to use; Dako, Carpinteria, CA, USA), CD4 (clone SP35; ready to use; Dako), and FOXP3 (clone 236A/E7; 1:100; Abcam, Cambridge, UK). Information regarding standard biomarkers in both pre- and post-PST specimens, including ER, PR, HER2, Ki-67, and p53, was available for most patients. For patients in whom these data were unavailable, we used the following antibodies for immunohistochemistry: ER (clone SP1; 1:100; LabVision, Fremont, CA, USA), PR (clone PgR 636; 1:70; Dako), HER2 (clone 4B5; ready to use; Ventana), p53 (clone D07; 1:600; Dako), and Ki-67 (clone MIB-1; 1:250; Dako). For ER and PR, 1% or greater staining was considered positive. For HER2, a score of 3+ on immunohistochemistry and/or the presence of gene amplification on fluorescence/silver in situ hybridization were considered positive. Breast cancer subtypes were categorized according to the 2011 St. Gallen Expert Consensus \[[@pone.0233037.ref030]\] based on biomarker data from the pre-treatment biopsy specimen as follows: luminal A subtype (ER+ and/or PR+, HER2-, Ki-67 \<14%), luminal B subtype (ER+ and/or PR+, HER2-, Ki-67 ≥14%; ER+ and/or PR+, HER2+), HER2+ subtype (ER-, PR-, HER2+), and triple-negative subtype (ER-, PR-, HER2-).

Quantification of TILs {#sec006}
----------------------

To evaluate CD8+, CD4+, and FOXP3+ TIL infiltration in breast cancer before and after PST, the number of each TIL subset was counted by two pathologists (YRC and ANS) who were blinded to the clinicopathologic features of the tumors. Three high-power fields (×40 objective) were randomly selected within tumors that had a relatively homogeneous distribution of these lymphocytes. In tumors with heterogeneous infiltration of TILs, five high-power fields were chosen randomly in areas other than those with either the highest or lowest infiltration. The selected high-power fields were photographed with an OLYMPUS DP70 digital microscope camera (Olympus Optical Co., Ltd); the images were then used to count the absolute number of TILs in both intratumoral and stromal areas using the UTHSCSA Image Tool software (version 3.0, Department of Dental Diagnostic Science at The University of Texas Health Science Center, San Antonio, TX, USA). Using the same method reported by Denkert et al. \[[@pone.0233037.ref012]\], lymphocytes in the tumor nests or those directly contacting the tumor cells were considered intratumoral TILs; the remainders were considered stromal TILs. Average numbers of intratumoral, stromal, and total CD8+, CD4+, and FOXP3+ TILs per high-power field were recorded. Moreover, the ratios of CD8+/CD4+, FOXP3+/CD8+, and FOXP3+/CD4+ T cells were also calculated. Medians of TIL subsets and their ratios were used as cutoff values for dichotomization into high versus low groups in each analysis and values greater than median were categorized as high.

Statistical analysis {#sec007}
--------------------

All statistical analyses were performed using SPSS version 25.0 for Windows (IBM Corp., Armonk, NY, USA). Wilcoxon signed rank test was used to compare TIL subset infiltration in each compartment (intratumoral, stromal, and total) between matched pre- and post-PST samples. Spearman's rank correlation tests were used to assess the associations among infiltrations of CD8+, CD4+, and FOXP3+ TILs. The associations between TIL subset infiltration or the ratios of TIL subsets and clinicopathological features were analyzed by the chi-square test or Fisher's exact test using total counts of each TIL subset. Kaplan-Meier curves were used for survival analysis, and differences were compared using the log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model with a backward stepwise selection method. Hazard ratios and 95% confidence intervals were calculated for each variable. *P*-values less than 0.05 were considered statistically significant; all *p*-values were two-sided.

Results {#sec008}
=======

Changes in TIL subsets after PST {#sec009}
--------------------------------

In pre-PST biopsy samples, CD8+, CD4+, and FOXP3+ TIL infiltration was present in 152 (98.1%), 152 (98.1%), and 132 (85.2%) cases, respectively. In post-PST resection samples, all showed CD8+ and CD4+ TIL infiltration, and 128 (82.6%) exhibited FOXP3+ TIL infiltration. Total CD8+ TIL levels increased in 76 (49.0%) of 155 patients and the ratios of post-PST CD8+ TIL to pre-PST CD8+ TIL ranged from 0.02 to 60.61. CD4+ TIL levels increased after PST in 73 (47.1%) patients with the ratios ranging from 0.01 to 75.76. FOXP3+ TIL increased in 34 patients (21.9%), and the ratios varied from 0 to 12.12. Detailed data were presented in [S1 Table](#pone.0233037.s001){ref-type="supplementary-material"}.

Paired analyses of TIL subsets before and after PST are shown in [Table 2](#pone.0233037.t002){ref-type="table"}. While the total number of CD8+ and CD4+ TILs did not show a statistically significant change in their numbers after PST (*p* = 0.546, *p* = 0.239, respectively), FOXP3+ TILs decreased significantly after PST (*p*\<0.001) ([Fig 1](#pone.0233037.g001){ref-type="fig"}). As for individual compartments, the quantities of intratumoral CD8+ and CD4+ TILs increased after PST (*p* = 0.013, *p* = 0.013, respectively) while stromal TILs decreased (*p* = 0.015, *p* = 0.005, respectively). FOXP3+ TILs showed a different pattern, with decreased intratumoral and stromal TILs after PST (all *p*\<0.001).

![A representative chemo-responsive case showing changes in the infiltration of CD8+, CD4+, and FOXP3+ tumor-infiltrating lymphocytes after primary systemic therapy.\
CD8+ tumor-infiltrating lymphocytes (TILs) increased significantly after primary systemic therapy (PST), especially in the intratumoral compartment. CD4+ TILs increased slightly in the intratumoral compartment, but decreased in the stromal compartment after PST. FOXP3+ TILs decreased significantly with no identifiable cells in the figure (Original magnification, x200).](pone.0233037.g001){#pone.0233037.g001}

10.1371/journal.pone.0233037.t002

###### Paired analyses of tumor-infiltrating lymphocytes before and after primary systemic therapy.

![](pone.0233037.t002){#pone.0233037.t002g}

  Group                                                                 TIL                      Pre-PST               Post-PST           p-value
  --------------------------------------------------------------------- ------------------------ --------------------- ------------------ ---------
  Whole group (n = 155)                                                 CD8+ TIL, intratumoral   7.7 (2.0--28.0)       13.7 (3.3--34.0)   0.013
  CD8+ TIL, stromal                                                     35.0 (15.7--94.0)        27.3 (11.7--53.3)     0.015              
  CD8+ TIL, total                                                       45.5 (19.0--129.3)       39.7 (19.3--87.3)     0.546              
  CD4+ TIL, intratumoral                                                28.7 (3.0--90.3)         42.0 (1.3--128.0)     0.013              
  CD4+ TIL, stromal                                                     87.3 (21.7--250.7)       76.0 (30.3--160.0)    0.005              
  CD4+ TIL, total                                                       114.7 (28.3--344.3)      120.0 (37.6--317.7)   0.239              
  FOXP3+ TIL, intratumoral                                              3.3 (0.3--9.7)           1.0 (0.0--3.7)        \<0.001            
  FOXP3+ TIL, stromal                                                   11.0 (2.3--26.0)         2.0 (0.5--5.3)        \<0.001            
  FOXP3+ TIL, total                                                     14.7 (2.3--35.7)         3.3 (1.0--7.3)        \<0.001            
  Chemo-sensitive group[\*](#t002fn002){ref-type="table-fn"} (n = 75)   CD8+ TIL, intratumoral   8.0 (2.0--32.3)       16.3 (3.0--57.0)   0.008
  CD8+ TIL, stromal                                                     40.3 (14.0--92.0)        31.7 (11.7--94.7)     0.980              
  CD8+ TIL, total                                                       49.3 (16.0--126.3)       48.7 (20.0--157.0)    0.252              
  CD4+ TIL, intratumoral                                                33.0 (2.0--104.0)        49.0 (1.0--161.3)     0.055              
  CD4+ TIL, stromal                                                     106.3 (18.0--313.7)      86.7 (34.0--174.3)    0.171              
  CD4+ TIL, total                                                       139.7 (25.3--402.7)      129.7 (37.7--346.0)   0.788              
  FOXP3+ TIL, intratumoral                                              3.7 (0.3--16.0)          1.3 (0.0--7.0)        0.001              
  FOXP3+ TIL, stromal                                                   11.7 (4.0--34.3)         2.7 (1.0--9.3)        \<0.001            
  FOXP3+ TIL, total                                                     16.7 (4.7--47.3)         4.7 (2.0--13.7)       \<0.001            
  Chemo-resistant group[\*](#t002fn002){ref-type="table-fn"} (n = 80)   CD8+ TIL, intratumoral   7.2 (2.1--26.9)       12.8 (3.4--25.3)   0.370
  CD8+ TIL, stromal                                                     30.3 (19-0-100.3)        24.7 (10.5--42.7)     \<0.001            
  CD8+ TIL, total                                                       37.5 (21.0--134.2)       37.7 (18.1--63.4)     0.034              
  CD4+ TIL, intratumoral                                                27.0 (3.1--78.8)         39.7 (2.2--108.7)     0.123              
  CD4+ TIL, stromal                                                     86.3 (30.2--247.9)       65.7 (25.4--136.8)    0.010              
  CD4+ TIL, total                                                       110.8 (36.3--323.0)      106.2 (40.9--255.8)   0.153              
  FOXP3+ TIL, intratumoral                                              3.3 (0.3--7.7)           1.0 (0.0--2.3)        \<0.001            
  FOXP3+ TIL, stromal                                                   11.0 (1.2--19.3)         1.3 (0.1--3.3)        \<0.001            
  FOXP3+ TIL, total                                                     14.2 (1.7--28.7)         2.7 (0.4--5.3)        \<0.001            

*P* values are calculated by Wilcoxon signed rank test. Data represent cell count per high power filed and were presented as median (interquartile range).

\*Chemo-sensitive group indicates residual cancer burden (RCB) classes I & II, and chemo-resistant group indicates RCB class III.

TIL, tumor-infiltrating lymphocyte; PST, primary systemic therapy

Change of TIL subsets after PST according to chemo-responsiveness {#sec010}
-----------------------------------------------------------------

Paired analyses in subgroups classified by chemo-responsiveness ([Table 2](#pone.0233037.t002){ref-type="table"}) revealed that the chemo-sensitive group showed the same pattern of change in intratumoral CD8+ TILs as in the entire group (*p* = 0.008) albeit with borderline statistical significance for intratumoral CD4+ TILs (*p* = 0.055). However, stromal CD8+ and CD4+ TIL infiltration did not change significantly after PST in this group (*p* = 0.980, *p* = 0.171, respectively). In the chemo-resistant group, stromal CD8+ and CD4+ TILs followed the same pattern as the whole group (*p*\<0.001, *p* = 0.010, respectively), whereas intratumoral CD8+ and CD4+ TILs did not show a statistically significant change in their numbers after PST (*p* = 0.370, *p* = 0.123, respectively). FOXP3+ TILs (intratumoral, stromal, and total) showed a similar change pattern irrespective of chemo-responsiveness (all *p\<* 0.005).

Relationship between TIL subset infiltration after PST and clinicopathological characteristics of tumor {#sec011}
-------------------------------------------------------------------------------------------------------

Next, we evaluated the relationship between the infiltration of TIL subsets in total and clinicopathologic features of tumors after PST. High CD8+ TIL infiltration after PST was more frequently found in ER- and PR-negative cancers (*p =* 0.031 and *p =* 0.019, respectively) and in tumors with p53 overexpression (*p =* 0.012). High CD4+ TIL infiltration after PST was associated with ER negativity (*p* = 0.031), high Ki-67 index (*p =* 0.004) and p53 overexpression (*p* = 0.031), while high FOXP3+ infiltration after PST was associated with negative node status after PST (*p =* 0.004), low RCB class (*p* = 0.046), ER negativity (*p =* 0.005), high Ki-67 index (*p*\<0.001), and p53 overexpression (*p =* 0.034) ([Table 3](#pone.0233037.t003){ref-type="table"}). Infiltrations of CD8+, CD4+, and FOXP3+ TILs showed moderate correlation with one another (CD8+ vs. CD4+ TIL, rho = 0.627, *p*\<0.001; CD4+ vs. FOXP3+ TIL, rho = 0.623, *p*\<0.001; CD8+ vs. FOXP3+ TIL, rho = 0.498, *p*\<0.001). Thus, we also analyzed the relationship between the ratios of T cell subsets (CD8+/CD4+, FOXP3+/CD8+, and FOXP+/CD4+ T cell) and clinicopathologic features after treatment ([S2 Table](#pone.0233037.s002){ref-type="supplementary-material"}). In post-PST resection specimens, a high FOXP3+/CD8+ T cell ratio was associated with an absence of nodal metastasis after PST (*p =* 0.011) and a high Ki-67 index (*p =* 0.011). A high FOXP3+/CD4+ TIL ratio was related to a low ypT stage (*p =* 0.013), negative node status after PST (*p =* 0.004), low RCB class (*p* = 0.002), ER negativity (*p =* 0.001), and p53 overexpression (*p =* 0.012).

10.1371/journal.pone.0233037.t003

###### Relationship between infiltration of tumor-infiltrating lymphocyte subsets after primary systemic therapy and post-treatment clinicopathological features of tumor.

![](pone.0233037.t003){#pone.0233037.t003g}

  Clinicopathologic characteristics   Post-PST CD8+ TILs   p-value     Post-PST CD4+ TILs   p-value     Post-PST FOXP3+ TILs   p-value                           
  ----------------------------------- -------------------- ----------- -------------------- ----------- ---------------------- --------- ----------- ----------- ---------
  ypT stage                                                            0.573                                                   0.376                             0.089
      T1                              38 (48.7)            41 (53.2)                        37 (47.4)   42 (54.5)                        36 (44.4)   43 (58.1)   
      T2-T4                           40 (51.3)            36 (46.8)                        41 (52.6)   35 (45.5)                        45 (55.6)   31 (41.9)   
  ypN stage                                                            0.309                                                   0.263                             0.004
      N0                              25 (32.1)            19 (24.7)                        19 (24.4)   25 (32.5)                        15 (18.5)   29 (39.2)   
      N1-N3                           53 (67.9)            58 (75.3)                        59 (75.6)   52 (67.5)                        66 (81.5)   45 (60.8)   
  RCB class                                                            0.576                                                   0.378                             0.046
      I-II                            36 (46.2)            39 (50.6)                        35 (44.9)   40 (51.9)                        33 (40.7)   42 (56.8)   
      III                             42 (53.8)            38 (49.4)                        43 (55.1)   37 (48.1)                        48 (59.3)   32 (43.2)   
  Estrogen receptor                                                    0.031                                                   0.031                             0.005
      Negative                        12 (15.4)            23 (29.9)                        12 (15.4)   23 (29.9)                        11 (13.6)   24 (32.4)   
      Positive                        66 (84.6)            54 (70.1)                        66 (84.6)   55 (70.1)                        70 (86.4)   50 (67.6)   
  Progesterone receptor                                                0.019                                                   0.172                             0.142
      Negative                        27 (34.6)            41 (53.2)                        30 (38.5)   38 (49.4)                        31 (38.3)   37 (50.0)   
      Positive                        51 (65.4)            36 (46.8)                        48 (61.5)   39 (50.6)                        50 (61.7)   37 (50.0)   
  HER2 status                                                          0.967                                                   0.452                             0.494
      Negative                        62 (79.5)            61 (79.2)                        60 (76.9)   63 (81.8)                        66 (81.5)   57 (77.0)   
      Positive                        16 (20.5)            16 (20.8)                        18 (23.1)   15 (18.2)                        15 (18.5)   17 (23.0)   
  Ki-67 index                                                          0.140                                                   0.004                             \<0.001
      Low (\<20%)                     60 (76.9)            51 (66.2)                        64 (82.1)   47 (61.0)                        71 (87.7)   40 (54.1)   
      High (≥20%)                     18 (23.1)            26 (33.8)                        14 (17.9)   30 (39.0)                        10 (12.3)   34 (45.9)   
  P53 overexpression                                                   0.012                                                   0.031                             0.034
      Absent                          62 (79.5)            47 (61.0)                        61 (78.2)   48 (62.3)                        63 (77.8)   46 (62.2)   
      Present                         16 (20.5)            30 (39.0)                        17 (21.8)   29 (37.7)                        18 (22.2)   28 (37.8)   

*P* values were calculated by the chi-square or Fisher's exact test.

PST, primary systemic therapy; TIL, tumor-infiltrating lymphocyte; HER2, human epidermal growth factor receptor 2

Prognostic significance of TIL subsets {#sec012}
--------------------------------------

Most patients received standard treatment and regular follow-up; the mean follow-up period was 62 months (range, 3--142 months). Kaplan-Meier survival curves for all the TIL subset variables using total count (pre-PST CD8+, CD4+, and FOXP3+ TILs; post-PST CD8+, CD4+, and FOXP3+ TILs; pre-PST FOXP3+/CD8+, FOXP3+/CD4+, and CD8+/CD4+ TIL ratios; post-PST FOXP3+/CD8+, FOXP3+/CD4+, and CD8+/CD4+ TIL ratios; and post-PST CD8+/pre-PST CD8+, post-PST CD4+/pre-PST CD4+, post-PST FOXP3+/pre-PST FOXP3 TIL ratios) revealed that only high CD8+ TIL infiltration after PST was significantly associated with a longer disease-free survival (*p =* 0.029, log-rank test; [Fig 2](#pone.0233037.g002){ref-type="fig"}; [S3 Table](#pone.0233037.s003){ref-type="supplementary-material"}). High CD8+/CD4+ TIL ratio after PST tended to be associated with increased disease-free survival of the patients (*p* = 0.072). When analyzing in each compartment, high intratumoral and stromal CD8+ TIL infiltrations after PST were associated with longer disease-free survival (*p =* 0.009 and *p* = 0.045, log-rank test, respectively; [Fig 2](#pone.0233037.g002){ref-type="fig"}). However, post-PST CD4+ and FOXP3+ TIL infiltration in each compartment had no prognostic significance ([Fig 2](#pone.0233037.g002){ref-type="fig"}).

![Kaplan-Meier survival analyses according to the level of tumor-infiltrating lymphocyte subsets in each compartment in post-primary systemic therapy samples.\
High levels of the intratumoral, stromal, and total CD8+ tumor-infiltrating lymphocyte (TIL) infiltration after primary systemic therapy (PST) are associated with longer patient disease-free survival, whereas levels of CD4+ and FOXP3+ TIL filtration after PST have no prognostic significance.](pone.0233037.g002){#pone.0233037.g002}

[Table 4](#pone.0233037.t004){ref-type="table"} shows the results of univariate and multivariate analyses of disease-free survival using the Cox proportional hazards model in the entire patient group. On univariate analysis in the whole group, a high ypT stage, high RCB class and high Ki-67 proliferation index were found to be poor prognostic factors (*p =* 0.039, *p* = 0.030, and *p =* 0.017, respectively) while positive ER status and high post-PST CD8+ TILs were good prognostic indicators (*p =* 0.007 and *p =* 0.033, respectively). On multivariate analysis, RCB class, ER status and post-PST CD8+ TILs remained independent prognostic factors (*p =* 0.002, *p*\<0.001, and *p =* 0.017, respectively).

10.1371/journal.pone.0233037.t004

###### Univariate and multivariate analyses of disease-free survival.
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  Variable                      Category                Univariate analysis   Multivariate analysis                                  
  ----------------------------- ----------------------- --------------------- ----------------------- ------- ------- -------------- ---------
  ypT stage                     T1 vs. T2-4             2.176                 1.041--4.546            0.039   1.837   0.706--4.779   0.213
  ypN stage                     N0 vs. N1-3             1.914                 0.734--4.989            0.184   1.977   0.679--5.756   0.211
  RCB class                     I-II vs. III            2.365                 1.088--5.140            0.030   3.883   1.674--9.003   0.002
  Post-PST ER status            Negative vs. Positive   0.369                 0.179--0.762            0.007   0.187   0.085--0.414   \<0.001
  Post-PST PR status            Negative vs. Positive   0.500                 0.245--1.020            0.057   0.595   0.222--1.594   0.302
  Post-PST HER2 status          Negative vs. Positive   0.971                 0.398--2.369            0.949   \-      \-             \-
  Post-PST Ki-67 index          \<20% vs. ≥20%          2.372                 1.169--4.813            0.017   1.607   0.587--4.401   0.356
  Post-PST CD8+ TIL (total)     Low vs. High            0.447                 0.213--0.938            0.033   0.402   0.190--0.851   0.017
  Post-PST CD4+ TIL (total)     Low vs. High            0.618                 0.301--1.268            0.190   \-      \-             \-
  Post-PST FOXP3+ TIL (total)   Low vs. High            0.795                 0.391--1.618            0.527   \-      \-             \-

HR, hazard ratio; CI, confidence interval; RCB, residual cancer burden; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; PST, primary systemic therapy; TIL, tumor-infiltrating lymphocyte

Subgroup analysis by hormone receptor status revealed that high CD8+ TILs in residual tumors were of prognostic significance in the hormone receptor-positive subgroup as well as in the hormone receptor-negative subgroup (*p* = 0.037 and *p =* 0.019, respectively, log-rank test). On subgroup analyses according to breast cancer subtype, post-PST CD8+ TIL infiltration was associated with patients' survival in HER2+ subtype (*p* = 0.174 for luminal A; *p* = 0.192 for luminal B; *p* = 0.033 for HER2+; *p* = 0.154 for triple-negative subtype, log-rank test).

Finally, subgroup analysis according to chemo-responsiveness based on RCB class, CD8+ TIL infiltration after PST was associated with survival of the patients in the chemo-resistant subgroup, but not in the chemo-sensitive subgroup (RCB class I & II, *p* = 0.955; RCB class III, *p* = 0.010, log-rank test; [Fig 3](#pone.0233037.g003){ref-type="fig"}).

![Kaplan-Meier survival analyses based on level of CD8+ tumor-infiltrating lymphocyte infiltration after primary systemic therapy according to chemo-responsiveness.\
High level of the CD8+ tumor-infiltrating lymphocyte (TIL) infiltration after primary systemic therapy (PST) is associated with longer patient disease-free survival in chemo-resistant group (RCB class III), but not in the chemo-sensitive group (RCB class I & II).](pone.0233037.g003){#pone.0233037.g003}

Discussion {#sec013}
==========

We explored changes in TIL subsets including CD8+, CD4+, and FOXP3+ T cells after PST, and found that total CD8+ and CD4+ TIL infiltration did not show significant change after PST, while FOXP3+ TILs decreased. So far, several studies have investigated PST-induced changes in TIL subsets in breast cancer \[[@pone.0233037.ref019], [@pone.0233037.ref023]--[@pone.0233037.ref027]\]. Ladoire et al. observed a higher infiltration of CD8+ TILs and lower infiltration of FOXP3+ TILs after PST, but they used grading system for evaluation of TILs instead of direct counting \[[@pone.0233037.ref025]\]. Garcia-Martinez et al. reported that CD8+ TILs increased, CD4+ TILs decreased, and FOXP3+ TILs remained unchanged after PST, using 2 mm-sized tissue microarrays for evaluation of TILs \[[@pone.0233037.ref019]\]. On the other hand, Ruffel et al. observed that the proportion of CD8+ TILs was unchanged and that of CD4+ TILs decreased, which produced a higher CD8+/CD4+ TIL ratio in breast cancer treated with PST \[[@pone.0233037.ref027]\]. However, in their study, comparison was done with treatment-naïve breast cancers, not with matched pre-PST samples. The study by Miyashita et al. was confined to TNBC and evaluated only stromal TILs; they demonstrated that CD8+ TILs increased after PST in 69% (54/78) of patients, while FOXP3+ TILs increased in 45% \[[@pone.0233037.ref026]\]. Hence, investigations of TIL subset changes have produced conflicting results, which may be due--at least in part--to different methodological approaches. For this reason, direct comparison of the results of the aforementioned studies and ours is not possible. A further large-scale study in an evenly-treated population is warranted to validate the results of this study.

Besides changes in TIL subsets, we also focused on the localization (intratumoral and stromal) of each TIL subset after PST. The number of intratumoral CD8+ and CD4+ TILs increased after PST, while their stromal counterparts decreased. Notably, intratumoral CD8+ TILs increased significantly after PST in the chemo-sensitive group. In contrast, there was no significant change in intratumoral CD8+ TILs in the chemo-resistant group. Based on these findings, we postulated that CD8+ TILs move from stromal to intratumoral compartments during PST, especially in chemo-sensitive tumors. The mechanism underlying TIL subset change after PST can be partly explained by the induction of specific immune responses by chemotherapeutic agents \[[@pone.0233037.ref031]\]. In an experimental breast cancer mouse model, doxorubicin treatment enhanced tumor antigen-specific proliferation of CD8+ T cells in tumor-draining lymph nodes and increased the infiltration of activated, interferon-γ-producing CD8+ TILs \[[@pone.0233037.ref032]\]. Taxanes have also been found to have an immunomodulatory effect on immune cells, which leads to the activation of innate and adaptive immunity \[[@pone.0233037.ref033]\].

Our analyses on prognostic significance of TIL subset infiltration in pre- and post-PST samples of breast cancer patients revealed that high CD8+ TIL infiltration after PST is associated with a favorable clinical outcome of the patients. We also observed that CD8+ TIL subset infiltration into both the intratumoral and stromal compartments after PST carries prognostic significance. CD8+ TILs are a key component of tumor-specific cellular immunity, and their prognostic value is well documented in primary operable (PST-naïve) breast cancer \[[@pone.0233037.ref004], [@pone.0233037.ref005]\]. On the other hand, there have been a relatively small number of studies that investigated the prognostic significance of TIL subsets in breast cancer following PST. In a study by Ladoire et al., high CD8+ and low FOXP3+ TILs after PST were significantly associated with longer disease-free and overall survival \[[@pone.0233037.ref025]\]. In a study by Miyashita et al., high CD8+ TIL levels and a high CD8+/FOXP3+ T cell ratio in residual tumors were found as indicators of a favorable clinical outcome in TNBC patients who underwent PST \[[@pone.0233037.ref026]\]. In subgroup analyses, our study showed the prognostic value of CD8+ TILs after PST both in the hormone receptor-positive and hormone receptor-negative breast cancers. As for breast cancer subtype, we demonstrated prognostic significance of CD8+ TILs after PST only in the HER2+ subtype. However, the analyses have a limitation due to a small number of cases in each subtype and thus, the results should be interpreted cautiously.

In further subgroup analyses, we showed the prognostic value of CD8+ TILs after PST in chemo-resistant group (RCB III) but not in chemo-responsive group (RCB I and II). Recently, Luen et al. reported that prognostic effect of residual disease TILs assessed by hematoxylin and eosin-stained sections significantly differed by RCB class \[[@pone.0233037.ref016]\]. However, on the contrary to our result, they showed more positive prognostic effect in RCB class II than in RCB class III \[[@pone.0233037.ref016]\]. Although the results are quite different, these two studies have significance in that TIL density or CD8+ TIL count provides further prognostic information to RCB class. Comparative studies will be needed in a larger cohort of patients with breast cancer to confirm our findings.

In the present study, we observed a significant decrease in FOXP3+ TILs after PST in both intratumoral and stromal compartments, irrespective of chemo-responsiveness. Previously, Liu et al. reported a significant decrease in peritumoral FOXP3+ TILs in TNBC and HER2+ tumors post-PST, but not in hormone receptor-positive tumors; furthermore, FOXP3+ TILs within tumor bed remained stable \[[@pone.0233037.ref023]\]. With respect to prognosis, they observed that a high infiltration of FOXP3+ TILs within tumor bed was a predictor of poorer disease-free and overall survival \[[@pone.0233037.ref023]\]. In our study, FOXP3+ TILs decreased after PST and their status after PST were not found to be prognostic. The dynamics and significance of FOXP3+ TILs in breast cancer after PST remain to be further investigated.

There were several limitations in our study. First, the status of TILs in pre-PST biopsy specimens may not reflect that of the entire tumor due to a sampling issue. Furthermore, we selected only some areas to evaluate the status of TIL subset infiltration. Scanning of the whole slide of the tumor and digital analyses of TIL subsets in each compartment may be a next step to extend this study. Second, as we did not include patients who had no residual tumors after PST because our study design was to evaluate TIL subset status in intratumoral and stromal compartments of such residual tumors, direct comparisons with previous studies that included patients who achieved pCR are not feasible.

In conclusion, we found that infiltration of CD8+, CD4+, and FOXP3+ TIL changed after PST in the intratumoral and stromal compartments. Especially, intratumoral CD8+ TILs increased after PST in chemo-sensitive tumors. High CD8+ TIL infiltration after PST was significantly associated with increased disease-free survival, especially in the chemo-resistant group, suggesting that CD8+ TIL status in residual tumors after PST can serve as a useful prognostic marker in breast cancer patients who undergo PST and provide additional prognostic information to the chemo-resistant group.
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